Introduction

▼
Similar to many other sports, youth soccer competitions are organized into annual age groups according to chronological age with specifi c cutoff dates. Consequently, players who are born early in the selection year (e. g. fi rst birth quarter) take advantage of this subtle chronological lead and are more likely to be selected compared with peers born later in the selection year (e. g. fourth birth quarter). This diff erence in chronological age is referred to as relative age, and its consequences are known as the relative age eff ect (RAE). Being chronologically older within an annual age cohort provides signifi cant attainment advantages when compared with those who are chronologically younger. As a consequence, this RAE leads to skewed birth date distributions in many sports with overrepresentation of youth and professional level athletes born in the fi rst part of the selection year [ 12 , 13 , 22 , 29 ] . Similar to relative age advantages, advanced biological maturity has also been associated with an increased likelihood of selection in youth ath-(13.7 %). Further, MANCOVA revealed no diff erences in all parameters between the 4 BQ's, controlled for age and APHV. These results suggest that relatively youngest players can off set the RAE if they enter puberty earlier. Furthermore, the results demonstrated possible diff erences between BQ1 and BQ4, suggesting that caution is necessary when estimating diff erences between players because of large discrepancies between statistical and practical signifi cance. These fi ndings also show that coaches should develop realistic expectations of the physical abilities of younger players and these expectations should be made in the context of biological characteristics rather than chronological age-based standards.
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lar trends in French 14-year-old elite soccer players reporting that relatively older players are not always linked to advantages in physical and physiological components. In addition, Segers et al. [ 24 ] reported no diff erences in endurance between early and late maturing youth soccer players when adjusted for lean body mass. Collectively, these studies show that biological maturity can also infl uence selection of youth athletes. Indeed, the combination of increased biological maturity and an older age, and their relation to physical performance appears to provide young athletes signifi cant advantage. The physical factors that are associated with successful soccer have been well described [ 27 ] . Whilst improved high intensity running capacity has been shown to distinguish between players of diff erent levels [ 21 ] , other skills that require increased anaerobic capacity and neuromuscular power such as sprints, jumps, duels and kicking have also been shown to discriminate between diff erent levels of soccer players [ 6 ] . For example, Vaeyens et al. [ 30 ] revealed better performances of skills requiring increased anaerobic power (sprint performance, vertical jump and standing broad jump) in elite youth soccer players when compared with sub-elite and non-elite youth soccer players (U13-U14).
To our knowledge, little is known about the age-related variation in anaerobic performance in elite youth soccer players. Additionally, only a few studies investigated the relationship between the RAE, biological maturation and anaerobic performance [ 4 , 13 ] . Therefore, the aims of the study were to investigate 1) the presence of a RAE and 2) the infl uence of the possible RAE (or birth quarter) on anthropometric variables, an estimation of biological maturity and some important anaerobic parameters in Flemish, elite youth soccer players aged 11-16 years.
Methods
▼
Participants and design
Elite youth soccer players from 2 professional clubs from the Belgian fi rst division (Jupiler Pro League) participated in the study. The age-range of the players was 10.6-16.6 years. All players and their parents or legal representatives were fully informed of experimental procedures before giving their written informed consent. The study was approved by the Ethic Committee of the Ghent University Hospital and the study was performed in accordance with the ethical standards of the International Journal of Sports Medicine [ 10 ] . The sample included 555 data points from 374 individual soccer players, all born between 1993-2003. Players were divided into 3 diff erent age categories: U13 (aged 10.6 − 12.6 years; n = 146 ), U15 (aged 12.6 − 14.6 years; n = 162 ) and U17 (aged 14.6 − 16.6 years; n = 247 ). Data were collected on 15 diff erent test periods over 5 years between August 2007 and August 2011. Within each season, the test periods were scheduled at the same time within the soccer season: preparation period (August), game period 1 (before winter break, October-November), game period 2 (after winter break, February) and at the end of the season (April, this only in 2008 and 2009). Accordingly, a small number of players had several measures taken within each age category. To ensure that only one measurement was taken for each player within each age category, the best performance on all variables was taken. Data included only one measurement for each player per test year to ensure that players had a maximum of 5 measurements from each of the diff erent age categories (n players with one measurement = 255; n players with 2 measurements = 76; n players with 3 measurements = 29; n players with 4 measurements = 9; n players with fi ve measurements = 5). All participants were categorized into four birth quarters (BQ) according to their month of birth. The cut-off date for the selection year for youth soccer players in Belgium runs from January 1 to December 31, so players were categorized in these 4 birth quarters: BQ1: January-March, BQ2: April-June, BQ3: July-September, BQ4: October-December.
Measurements
Prior to the testing of anaerobic performance characteristics, the anthropometrical characteristics of each player were assessed: height (0.1 cm, Harpenden Portable Stadiometer, Holtain, UK), sitting height (0.1 cm, Harpenden Sitting Height Table, Holtain, UK) and body mass (0.1 kg, total body composition analyzer, TANITA BC-420SMA, Japan) according to previously described procedures (Lohman, 1988 ) and manufacturer's guidelines. Estimation of biological maturation of each individual was calculated by the non-invasive method, based on anthropometric variables described by Mirwald et al. [ 20 ] . Equation 3 predicts the years from peak height velocity as a measure of maturity off set. The age of peak height velocity (APHV) is then calculated as the diff erence between the chronological age and the predicted time (in years) from peak height velocity. APHV is an indicator of biological maturity representing the time of maximum growth during adolescence. After a 10 min standardized warm-up period, the players completed a test battery in a fi xed order to assess motor competence and physiological fi tness. In this study, 3 measurements of anaerobic performance were applied for further analysis. To evaluate explosive leg power, counter movement jump (CMJ) and standing broad jump (SBJ) were performed. CMJ was conducted according to the methods described by Bosco et al. [ 3 ] with the arms kept in the akimbo position to minimize their contribution recorded by an OptoJump (MicroGate, Italy). The highest of 3 jumps was used for further analysis (0.1 cm). The SBJ is part of the Eurofi t test battery and was conducted according to the guidelines of the Council of Europe [ 7 ] (1 cm). The players also performed 4 maximal sprints of 30 m with split times at 5 m, 10 m, 20 m and 30 m, with the fastest 5 m and the fastest 30 m used for analysis in order to ensure a maximal value (i. e., the fastest 5 m is not necessarily the split time from the fastest 30 m sprint). Between each 30 m sprint, players had 25 s to recover. The sprint performance was recorded using MicroGate RaceTime2 chronometry and Polifemo light photocells (Bolzano, Italy) (0.001 s). All tests were completed on an indoor tartan running track at a temperature between 15 − 20 °C. All subjects were familiarized with the test procedures and performed the tests in running shoes, except for the SBJ which was conducted with bare feet.
Statistical analyses
All statistical analyses were completed using SPSS for windows (version 19.0). Descriptive statistics are presented as means ± standard deviations (SD). First, diff erences between the observed and the expected birth date distributions were investigated with chi-square statistics. Expected birth date distributions were calculated in accordance with the birth rate of the Flemish population between 1991 and 2000 (National Institute of Statistics) using weighted means. Second, within each age category, diff er-ences between birth quarters (independent variable) were calculated using 1-way ANOVA with chronological age (CA) and APHV as dependent variables. Multivariate analysis of covariance (MANCOVA) with CA and APHV as covariates and height, weight, CMJ, SBJ, 5 m and 30 m sprint as dependent variables, was used to investigate diff erences between birth quarters (independent variable). Chronological age and APHV were controlled for as these are potential confounding factors in the analysis. Minimal statistical signifi cance was set at P < 0.05. Follow-up univariate analyses using Bonferroni post hoc test were used where appropriate. Since several authors described large diff erences in anthropometrical characteristics and physical capacities between chronologically older and younger players within the same age group [ 9 , 18 , 30 ] , further analysis was conducted to identify smallest worthwhile diff erences between players born in the fi rst and fourth birth quarter, using the method outlined by Hopkins [ 14 , 15 ] . This approach represents a contemporary method of data analysis that uses confi dence intervals in order to calculate the probability that a diff erence is clinically benefi cial, trivial or harmful. The smallest worthwhile diff erence was set at Cohen's eff ect size of 0.2, representing the hypothetical, smallest diff erence between birth quarter 1 and 4. Cohen's d eff ect sizes (ES) and thresholds (0.2, 0.6, 1.2, 2.0, 4.0 for trivial, small, moderate, large, very large and extremely large) were also used to compare the magnitude of the diff erences in anthropometrical characteristics and physical parameters between BQ1 and BQ4 [ 15 ] .
Where the chance of benefi t and harm were both calculated to be ≥ 5 %, the true eff ect was deemed unclear. When clear interpretation was defi nitively possible, a qualitative descriptor was assigned to the following quantitative chances of benefi t: < 0. 
Results
▼
Birth date distribution
From the total sample of U13-U17 players, the birth date distribution diff ered signifi cantly from the Flemish population (χ 2 3 = 104.6, P < 0.001). Signifi cantly more players were born in the fi rst quarter of the selection year compared with the fourth quarter with a decreasing number of players from BQ1 to BQ4 ( BQ1 : 42.3 %; BQ2 : 26.1 %; BQ3 : 17.8 %; BQ4 : 13.7 %). This observation was apparent for each age group. The proportion of players born in BQ1 varied between 40.1 and 44.4 %, while proportion of players born in BQ4 varied between 12.3 and 14.8 %.
• ▶ Table 1 shows birth date distributions across all birth quarters for the total sample and for each age group. Table 2 shows no diff erences for height and weight between BQ groups in all age groups except for height in the U15 age group. In the U15 age-group, players born in BQ2 (162.7 ± 8.5 cm) and BQ3 (162.1 ± 7.9 cm) were signifi cantly (P < 0.05; F = 2.923) taller than players born in BQ4 (157.8 ± 7.9 cm). Both chronological age and APHV were signifi cant covariates for height and weight in all age groups. ANOVA revealed no signifi cant diff erences for APHV between birth quarters in all age groups.
Anthropometric variables • ▶
Anaerobic parameters
Within all age groups, MANCOVA demonstrated no signifi cant diff erences between birth quarters for all anaerobic performance characteristics when CA and APHV were controlled for (U13: P = 0.570, F = 0.907; U15: P = 0.337, F = 1.112; U17: P = 0.770, F = 0.741). Besides, the covariates, CA and APHV signifi cantly confound all investigated variables in all age groups ( CA : U13, P < 0.001, F = 99.593; U15, P < 0.001, F = 75.958; U17, P < 0.001, F = 26.805; APHV : U13, P < 0.001, F = 140.739; U15, P < 0.001, F = 263.965; U17, P < 0.001, F = 117.312). Further ANCOVA analyses for each variable revealed that for all age groups, chronological age was signifi cant as a covariate between birth quarters for all anaerobic parameters, except for the 5-m and 30-m sprint times within the U13 age group Table 2 ). In addition, within the U13 age group, the covariate APHV did not signifi cantly confound the anaerobic performance characteristics. This is in contrast with the U15 and U17 age group, where APHV did signifi cantly confound all anaerobic performance characteristics.
Practical/clinical signifi cance
Where the statistical analyses revealed no diff erences between birth quarters in each age group, analyses of practical significance showed contrasting results. Especially in the U13 age group, diff erences were assigned as possible to likely benefi ts for players in BQ1 relative to BQ4, supported by small to moderate ES's (0.31-0.97). Trivial to small ES's (0.00-066) were found in the U15 and U17 age group resulting in unclear to likely chances of benefi t for players born in BQ1 ( • ▶ To date, only a few studies related quarter of birth to physical and physiological capacities and maturation in young soccer players [ 4 , 8 , 13 ] . The results of the present study, among others, suggest that chronologically older players benefi t from early recognition from coaches and talent scouts [ 11 , 19 , 29 ] . Indeed, a recent review revealed that the relatively younger sports participants under 14 years of age are less likely to participate in competitive sports [ 5 ] . Moreover, it was also suggested that both competitive sports participation and a career in professional sports is less likely for relatively younger individuals. In soccer however, it has been suggested that both the combination of being relatively older and having increased biological maturation status underlie the increased likelihood of being selected in youth soccer [ 5 , 11 ] . In addition, interacting psychological factors, linked with selection and experience diff erences according to relative age have also been presented to account for RAE's. Relatively older players may be more likely to develop higher perceptions of competency and self-effi cacy. Otherwise, relatively younger players, faced with consistent sport selection disadvantages may be more likely to have negative experiences, develop low competence perceptions, and thus terminate the sport involvement [ 5 , 23 ] . It has been suggested that both biological maturation and selection of young players within their developmental phase and the organization of soccer competition are responsible for large RAE's observed in team sports such as soccer [ 5 , 11 ] . Indeed, many studies in youth sports explain the overrepresentation of players born early in the selection year by their larger anthropometric dimensions and other physical performance advantages, especially in sports where strength, speed and endurance are key factors [ 18 , 23 , 25 ] . In contrast however, the present results showed no statistical diff erences in anthropometric characteristics and functional capacities between players across all birth quarters. This fi nding agrees with a study in 332 Japanese youth soccer players (U10-U15) that revealed no diff erences in height and body mass across the four birth quarters [ 13 ] . Additionally, both Malina et al. [ 19 ] and Carling et al. [ 4 ] found similar results for anthropometric parameters and functional capacities in 39 elite Portuguese soccer players aged 14 years and 160 elite French youth soccer players aged 14-16 years, respectively. Also, Deprez et al. [ 8 ] reported no diff erences in anthropometric characteristics across the four birth quarters in 606 elite Belgian soccer players aged 9-17 years. The lack of diff erence between the physical characteristics (aerobic and anaerobic) of the athletes of each birth quarter in these studies most likely refl ects the pubertal variation within each of the samples [ 19 ] . The overrepresentation of players born in the fi rst birth quarter of the selection year compared with the fourth birth quarter has been suggested to be attributed to an identifi cation and selection policy in soccer based on physical qualities rather than technical or tactical skills [ 11 ] . However, in the present study, we observed no signifi cant diff erences in anthropometric dimensions and anaerobic parameters across all birth quarters in all age groups. Moreover, there were no diff erences in APHV between players of all birth quarters in all age cohorts. Taken together, the present results agree with others who suggested that the relatively small number of players born later in the selection year but with advanced biological maturity are successful in being selected for elite teams [ 8 , 13 ] . Therefore, it seems that the relatively youngest soccer players may be able to counteract the RAE (i. e., to cope with the potential physical disadvantages of being born relatively later in the selection year) if they enter puberty at a relatively earlier age than their chronologically older counterparts. To further examine this suggestion, the present sample of soccer players was divided in 3 diff erent maturity groups per age group, based on the APHV: early maturing players (percentile 1-33), average maturing players (percentile 33-66) and late maturing players (percentile 66-100). . This suggests that being born in the fi rst birth quarter increases the chance of being present at elite level, independent of the maturation status. However, players born in the last quarter may have increased their chance for selection at the elite level if they enter puberty at a relatively earlier chronological age. We do however acknowledge that this method of categorizing players into maturity groups does not correspond with the method described by Sherar et al. [ 25 ] based on equation 3 from Mirwald et al. [ 20 ] , which defi ned early maturers as preceding the average APHV by 1 year, average maturers were ± 1 year from APHV and late maturers were > 1 year after APHV. Moreover, since it has been suggested that soccer systematically excludes late maturing boys and tends to favour early and average maturing players as chronological age and sports specialization increase [ 17 ] , it is possible that the present sample of elite soccer players might also exclude these late maturing players. Further research should compare diff erent maturity status per birth quarter using skeletal age as classifi cation index (cf. Figueiredo et al. [ 9 ] ). Despite the lack of statistical signifi cance between all birth quarters in each age group, analyses of practical signifi cance between the fi rst and fourth birth quarter revealed possible benefi ts for players born in the fi rst birth quarter, especially in the U13 age group. This has certainly implications for the talent identifi cation and development programs at this age. In the fi eld, the coach does not have the opportunity to account for chronological age and maturity in the evaluation and assessment of young soccer players. Therefore, standard for smallest worthwhile diff erences (SWD) between birth quarters could assist the coach ( • ▶ Table 3 ).
A notable observation was that the diff erences diminished when players grew older, resulting in smaller eff ect sizes. Several reasons might account for this observation. First, each player will eventually reach the adult stage and achieve full maturation, levelling off the diff erences existing in the younger age groups. Second, youth athletes diff er in timing and tempo of development, growth and maturation, demonstrating large inter-individual diff erences in anthropometrical characteristics and physical capacities, independent of the birth quarter the player is born in [ 18 , 20 ] [ 18 ] . When interpreted in the context of these previous studies, the present results demonstrate high physical performance levels of the young Belgian soccer players. The present study has its limitations which should be acknowledged. First, other potential predictors of talent, like training history, psychological and sociological characteristics, were not included in the analysis, although these aff ect the talent identifi cation and selection process. Second, further research concerning the validation of the age at peak height velocity protocol in a soccer population within a large age-range is warranted. The method has in a general population been successfully validated against the golden standard (X-rays, Mirwarld et al. [ 20 ] ), but not in a soccer-specifi c sample. These limitations should be considered when considering further research in this area. An individual's maturity status can also be estimated by using x-rays, assessment of secondary sex characteristics or the parent's adult stature [ 16 , 17 , 28 ] . However, these methods also entail ethical, practical, fi nancial and accuracy issues.
The identifi cation and selection policies in the present sample of elite youth soccer players have led to the formation of homogenous groups of players having similar body size dimensions and anaerobic performances, regardless of their birth date within their age group. The present results suggest this selection phenomena may start before the age of 11 years. Unfortunately, this implies that relatively younger players, especially those who have a delayed maturity status are unlikely to develop their sporting potential or continue participation in sports, due to their physical and physiological disadvantages. Likewise, being relatively older provides a performance and selection advantage when assessed or evaluated against age group peers of the same year which increases the likelihood of access to higher levels of competition, training and coaching [ 5 , 12 ] . Youth coaches and scouts should be aware that physical and biological maturation is important in the selection process and they should not discriminate against younger or late-maturing players who may develop their abilities later [ 1 ] . Therefore we suggest that national soccer associations should implement specifi c development programs that consider biological maturation and maturity independent performance tests in the identifi cation and selection of youth soccer players. However, in contrast to the statistical lack of diff erences between birth quarters, analyses of practical signifi cance demonstrated possible practical/clinical diff erences between birth quarters, especially in the younger age group. Therefore, youth coaches and scouts should be cautious about the estimation of diff erences between birth quarters because of large discrepancies between statistical and practical/ clinical signifi cance.
